Endonuclease V of bacteriophage T4 possesses two enzymatic activities, a DNA N-glycosylase specific for cyclobutane pyrimidine dimers (CBPD) and an associated apurinic/apyrimidinic (AP) lyase. Extensive structural and functional studies of endonuclease V have revealed that specific amino acids are associated with these two activities. Controversy still exists regarding the role of the aromatic amino acid stretch close to the carboxyl terminus, in particular the tryptophan at position 128. We have expressed wildtype and mutant W128S endonuclease V in Escherichia coli from an inducible tac promoter. Purified W128S endonuclease V demonstrated substantially decreased N-glycosylase (~ 5-fold) and AP lyase (10-to 20-fold) activities in vitro compared to the wild-type enzyme when a UV-irradiated poly(dA)-poly(dT) substrate was used. However, a much smaller difference in AP lyase activity between the two forms was observed with a site-specific abasic oligonucleotide. The difference in enzymatic activity was qualitatively, but not quantitatively, reflected in the survival of UV-irradiated bacteria, that is the W128S cells were slightly less UV resistant than wild-type cells. No difference was observed in the complementation of UV repair using UV-damaged denV~ T4 phage. A more pronounced difference between the wild-type and W128S proteins was observed in human xeroderma pigmentosum group A cells by host-cell reactivation of a UV-irradiated reporter gene. The relatively large discrepancy between the in vitro and in vivo results observed with bacteria may be because saturated levels of DNA repair are obtained in vivo with relatively low levels of endonuclease V. However, under limiting in vitro conditions and in human cells in vivo a considerable difference between the W128S mutant and wild-type endonuclease V activities can be detected. Our results demonstrate that try ptophan-128 is important for endonuclease V activity.
INTRODUCTION
The cyclobutane pyrimidine dimer (CBPD) in UV-damaged DNA is the only known substrate for bacteriophage T4 endonuclease V (1). This extensively studied DNA repair enzyme possesses both a CBPD N-glycosylase and an apurinic/apyrimidinic (AP) lyase activity as part of the same protein molecule (2) (3) (4) . Endonuclease V has been purified to homogeneity from T4-infected Escherichia coli (3, 5) and more recently from overproducing strains (6) (7) (8) and its enzymatic properties have been studied in great detail. It was demonstrated that the N-glycosylase activity of endonuclease V cleaves the 5' glycosylic bond of the CBPD leaving behind an AP site, which is then a substrate for the intrinsic AP lyase activity to produce a break in the DNA (2-4) by a P-elimination mechanism (9, 10) . The end product is a nick in the DNA with a 3'-hydroxyl group on a deoxyribose moiety and a 5'-phosphate (3, 5) , which is further processed by other endonucleases (11) prior to replication by E.coli DNA polymerase I and sealing by T4 DNA ligase.
The cloning and sequencing of the deriV gene (12-14) facilitated the engineering of bacteria overproducing endonuclease V (6) (7) (8) . Several important features of T4 endonuclease V have emerged from functional and structural studies and recently the enzyme was crystallized (15) . It was found that the glutamic acid residue at position 23 is important for activity (16) and the 0CNH2 of threonine 2 is apparently essential for DNA incision activity (17) . Many of the charged amino acid residues in the NH2-terminal half of endonuclease V, most notably arginine 3, are important for enzymatic activity (18) . However, the role of the aromatic amino acids close to the carboxyl end of the molecule is quite controversial. Early work with the amuvs-13 denV mutant (19) which produces a mutant endonuclease V with normal N-glycosylase but inactive AP lyase when grown in a serine suppressor strain suggested that these two activities can be separated (5) . Based on the DNA sequence of the denV gene it was suggested that perhaps this stretch of amino acids was part of the AP lyase active site since tryptophan-128, the amino acid mutated in uvs-13, is part of the unusual sequence Trp-Tyr-LysTyr-Tyr (12) and Lys-Tyr-Lys peptides possess AP lyase activity in vitro (20, 21) . More recently it was proposed that the stretch of aromatic and basic amino acids is involved in CBPD recognition, not catalysis, since mutations of tyrosine-129 and -131 and lysine-130 did not affect activity, but rather CBPD binding (22, 23) . Two other reports have addressed the effect of mutating tryptophan-128 of endonuclease V. One study reported a complete loss of both the N-glycosylase and AP lyase activities after replacement with alanine and dramatic decrease of both activities upon substitution with a serine residue, but these effects were not, however, reflected in the UV survival levels (8) . A more recent study demonstrated that replacing tryptophan-128 with six different amino acids, including serine, did not affect either one of the two activities (24) . Clearly, inconsistences exist among studies for the role of tryptophan-128 in the incision of CBPDs and between results obtained in vitro and in vivo.
To investigate the role of tryptophan-128 in the N-glycosylase and the AP lyase activities of endonuclease V we constructed plasmids which expressed wild-type and W128S mutant T4 denV proteins under control of a synthetic tac promoter and purified the two forms of endonuclease V. Relative levels of N-glycosylase and AP lyase activities were then determined in vitro. We found that the W128S mutation dramatically decreased both the N-glycosylase and AP lyase activities, the latter relatively more than the former. This effect was not quantitatively mirrored in the UV survival of bacteria which had not been induced, suggesting that more than saturating levels of endonuclease V were produced. In mammalian cells in which endonuclease V is less likely to be in excess, a host-cell reactivation assay demonstrated that the W128S mutant is less effective than wild-type in rescuing UV-damaged reporter gene activity.
MATERIALS AND METHODS

Bacterial, phage T4 strains and plasmids
The T4 endonuclease V expression plasmids ptac-denV and ptac-denV(W128S) were constructed from ptacl2B (25) , pEXl (26) , pdenV-52 (13) and pSP65-denV (27 (25) by selecting for streptomycin resistance and proline prototropy. Bacteriophage T4 strains and UV-survival experiments were as described (13) . Bacteria were grown in L broth (1% Bacto tryptone, 0.5% Bacto yeast extract and 1% NaCl) supplemented with 0.1% glucose and 50 Hg/ml of ampicillin. The tac promoter was induced with isopropyl-(3-Dthiogalactopyranoside (IPTG; Sigma Chemical Company).
Plasmid construction and site-specific mutagenesis of the denV gene The ptac-denV plasmid was made by fusing the filled-in Ncol site (Klenow polymerase) in ptacl2B with the filled-in Hinfl site (Klenow), which cuts between the first and second codons of the denV gene (12) , thereby restoring the wild-type denV sequence. The 27mer (5'-CAA CGT CCT ACT AGJ TAC AAA TAC TAC-3'; changes from wild-type are underlined) used for site-specific mutagenesis of the tryptophan 128 codon was incorporated into the denV gene by standard M13 single-stranded mutagenesis (29) . A 260 bp Xhol-Xbal fragment encompassing the W128S mutation was inserted in place of the same fragment from ptac-denV. The W128S mutation introduces a unique Spel (ACTAGT) restriction site in the ptac-denV(W128S) plasmid which facilitated the screening of mutant plasmids. In order to make the pRSVdenV(+) plasmid, the SV40-gpt selection cartridge of pRSVdenV-SVgpt (27) was removed by BamHl digestion followed by gel purification and self-ligation of the larger fragment. A portion of the wild-type denV sequence was replaced with the corresponding fragment from ptac-denV(W128S) to make pRSV-denV(W128S). The pRSVdenV(-) plasmid has the denV gene in antisense orientation in respect to the RSV promoter.
Relevant portions of final plasmid constructs were sequenced to confirm the correct nucleotide sequences.
Protein analysis
Protein extracts were analyzed on 15% SDS polyacrylamide gels (30) and when necessary, transferred to nitrocellulose for Western blotting. Endonuclease V was detected with a mixture of mouse monoclonal antibodies directed against T4 endonuclease V (31). To quantitate endonuclease V on immunoblots the mouse antibody was detected with rabbit anti-mouse IgG (H+L) followed by 125 I-labeled protein A (ICN). After exposure of the filters to X-ray film, the spots were cut out and counted in a scintillation counter. Protein concentrations were determined according to Bradford (32) using reagents from BioRad and bovine serum albumin (BSA) as standard. Protein purity of fraction TV were determined by densitometric scanning of stained protein gels.
Purification of T4 endonuclease V
A 41 batch of ptac-denV/AB2480 (Flacl^1) was induced at 150 Klett units with 1 mM IPTG, grown for another 3 h and harvested by centrifugation, producing -11 g of wet cell paste. The bacteria were re-suspended in 10 mM Tris-HCl, 2 mM Na 2 EDTA, 2 mM 2-mercaptoethanol (ME), 10% ethylene glycol, 0.3 M NaCl, 1 mM phenylmethylsulphonyl fluoride (PMSF), pH 8.0 (Buffer A) and sonicated 5 x 30 s at maximum output with a Branson Sonifier. The disrupted cells were clarified by centrifugation in a Beckman Type 35 rotor at 30 000 r.p.m. for 60 min. The 78 ml crude extract (fraction I) was passed over an 85 ml (3 x 12 cm) DEAE-Sephacel column. The column was washed with 70 ml of Buffer A and combined with the void eluent (fraction II). Fraction II was applied to a 53 ml (2.6 x 10 cm) Blue-Sepharose column at a flow rate of 12 ml/h. The column was washed with 160 ml of Buffer A and developed with a 0.3-3 M NaCl linear gradient in Buffer A. The flow rate was 7 ml/h and 58 x 3 ml fractions were collected. Endonuclease V appeared in fractions 20 and 27-36 were pooled and dialyzed against 10 mM potassium phosphate, 2 mM Na 2 EDTA, 2 mM ME, 10% ethylene glycol, pH 6.5 (Buffer B) for 48 h (fraction in). Fraction III (25 ml) was applied to a 6 ml (1 x 8 cm) CM-Sephadex C-25 column which had been equilibrated with Buffer B. The column was washed with 35 ml of Buffer B and developed with a 160 ml linear 0-0.5 M KC1 gradient in Buffer B. The flow rate was 7 nuTh and 56 x 3 ml fractions were collected. Endonuclease V appeared between 0.3 and 0.4 M KC1 in fractions 20-40. Fractions 28-37 were pooled (27 ml) and used for subsequent experiments (fraction IV). Similarly, a 21 culture of ptac-denV(W128S)/AB2480 (FlaclW) was induced with 0.5 mM IPTG for 3 h and harvested by centrifugation. Approximately 7 g of wet cell paste was obtained. The cells were processed and mutant W128S endonuclease V was purified as described for wild-type endonuclease V.
Endonuclease V assay
The N-glycosylase and AP lyase activities were measured as described (3, 5) . Briefly, different dilutions of purified wild-type and W128S endonuclease V (fraction IV) were incubated for various times at 37 °C with a NaCl, pH 8.0 buffer (5 uJVI total nucleotide; -0.3 \xM CBPDs). The reaction was then split in half for the determination of the N-glycosylase and AP lyase activities. The N-glycosylase activity was determined by measuring soluble radioactivity after direct trichloroacetic acid (TCA) precipitation (10% final) and AP lyase activity was taken as acid soluble radioactivity after alkali treatment (167 mM NaOH at 37 °C for 30 min). The released radioactivity was quantitated by scintillation counting.
AP lyase assay AP lyase activity was assayed independently from the N-glycosylase activity by using a 32 P-labelled oligonucleotide with a specific abasic site (8, 24) . Briefly, a 37mer (5'-CTT GGA CTG GAT GTC GGC ACU AGC GGA TAC AGG AGC A-3') which has a uracil at position 21 was labelled with [y-32 P] ATP and T4 polynucleotide kinase, annealed to its complement DNA and gel-purified on a 15% polyacrylamide gel. The purified 37mer was then treated with uracil glycosylase to generate an abasic site at position 21. Piperidine treatment confirmed that quantitative removal of the uracil had occurred. The 37mer and uracil glycosylase were kindly provided by L. Augeri and P. Doetsch, Emory University School of Medicine, Atlanta, GA. A typical reaction included 0.01-50 ng of wild-type or W128S endonuclease V and 0.24 uJvl (total nucleotide; 3.3 nM abasic sites) of the 37mer in 10 u.1 of 25 mM 2-(N-morpholino)ethanesulfonic acid (pH 6.5), 50 mM EDTA, 10-100 mM NaCl, 20 u.g/ml of BSA. The reactions were incubated at room temperature (25 °C) for 0-15 min, terminated with loading buffer (90% formamide in Tris-Borate-EDTA, pH 8.4, bromophenol blue) and loaded on a 15% urea-polyacrylamide gel. The gel was exposed to X-ray film and cleavage of the 37mer at the abasic site was determined with a densitometer/integrator (Shimadzu CS-9000).
Host-cell reactivation of a UV-damaged SEAP reporter gene
The relative repair of CBPDs by wild-type and W128S mutant endonuclease V was determined in XP12Ro(Ml) cells which are defective in incision at UV-damage. Briefly, XP12Ro(Ml) cells Figure 1 shows the ptac-denV plasmid. The ptac-denV(W128S) plasmid is identical except for the specific mutation of the tryptophan-128 codon. Metabolic labelling and immunoblotting experiments showed that low, but detectable, levels of endonuclease V are produced in uninduced cells (data not shown). Our previous work demonstrated that the uninduced ptac-denV/ AB2480(/ r 7aclQ 1 ) strain produces ~5-fold more endonuclease V than the pdenV-7/AB2480 strain (13, 35) . After induction with IPTG a pronounced increase of the 16 kDa endonuclease V protein was detected within 15 min which accounted for 30% of total protein made (data not shown). Wild-type and W128S endonuclease V were expressed to a similar extent and were equally soluble (20-30%) in crude cell extracts (data not shown).
RESULTS AND DISCUSSION
Expression of T4 endonuclease V from the tac promoter
Minor difference in UV survival between wild-type and W128S bacteria but full repair complementation of UV-damaged den V~ bacteriophage T4
We then examined the UV survival levels of AB2480 cells harboring wild-type and W128S plasmids. Diluted over-night cultures were UV irradiated directly on the petri dish. Figure 2A shows that the W128S mutant is slightly more UV sensitive than the strain producing wild-type endonuclease V. We were unable to see any further increase in survival after induction with IPTG, at which time cell viability decreased (data not shown). On the other hand, full complementation of UV resistance was observed after infection with UV-damaged denV~ bacteriophage T4 (Fig.  2B) . Induction of endonuclease V with IPTG for 20 or 60 min prior to T4 infection did not increase the extent of complementation further, but instead slightly decreased it (Fig. 2B) . These results suggest that under conditions when endonuclease V is not highly expressed, that is without IPTG added, endonuclease V is nevertheless present at saturating levels sufficient for maximum DNA repair levels.
Purification of endonuclease V
In order to examine the N-glycosylase and AP lyase activities of wild-type and W128S endonuclease V we purified both by standard chromatography techniques (5). We found that the W128S mutant form shared properties with wild-type during the purification process. Figure 3 shows the two most highly purified fractions of endonuclease V. The CM-Sephadex fractions (fraction IV) were 70% (wild-type) and 40% (W128S) pure, respectively. Using super-coiled plasmids as substrate no nicking activity was found in either preparation (data not shown), suggesting that the preparations were free of non-specific DNA nucleases. Furthermore, fraction IV made specific incisions at CBPDs in a UV-irradiated 32 P-labelled DNA fragment but not in untreated DNA (7).
W128S endonuclease V has reduced levels of N-glycosylase and AP lyase activity in vitro
In order to determine the endonuclease V N-glycosylase and AP lyase activities we used an assay which allowed us to measure these activities in parallel. This assay is based on the release of acid-soluble radioactivity from UV-irradiated uniformly labelled [ 3 H]poly(dA)-poly(dT) substrate after acid precipitation (AP lyase activity); after brief alkali treatment, further release of acid-soluble radioactivity represents N-glycosylase activity. We employed low salt conditions to facilitate the detection of possible changes in AP lyase activity since this was a likely outcome of the W128S mutation (5) . Five nanograms of wild-type endonuclease V produced an increase in the release of acid-soluble radioactivity which was linear for the first 2 min (Fig. 4) . Much less radioactivity was released from the poly(dA)-poly(dT) template which had not been UV-irradiated. Under these conditions, we for homogeneous endonuclease V purified from bacteriophage T4-infected E.coli (5) .
The same assay was carried out with the mutant W128S protein. The amount of endonuclease V in the wild-type and W128S preparations was quantitated and normalized based on protein content (by Western analysis) and not by enzymatic activity. To compare the relative levels of AP lyase for the wild-type and W128S mutant, the amount of W128S protein was adjusted so that the N-glycosylase activity was similar to that of the wild-type enzyme. This required -5-fold as much W128S as wild-type endonuclease V (9.6 versus 2 ng). Figure 5 shows the result of this experiment. By comparing the rates over the linear range (2-10 min) it is clear that when the wild-type and W128S N-glycosylase activities are adjusted to approximately the same level, the W128S AP lyase is much less active than the wild-type (Table 1 ). The ratio between the slopes of the AP lyase activity (W128SAVTAP Iyase ) is -0.16. Similarly, whereas wild-type endonuclease V showed a ratio of PD/APWT -0-13, the W128S protein gave a ratio of -0.020, which is only -15% of the wild-type level. We conclude that both the N-glycosylase and AP lyase are affected by the W128S mutation and that the ratio of N-glycosylase to AP lyase is considerably decreased. •To obtain approximately equal N-glycosylase activity, 2 and 9.6 ng of WT and W128S enzymes were used, respectively.
In order to determine the AP lyase activity independently from the N-glycosylase activity we made use of a site-specific abasic 37mer oligonucleotide (Fig. 6) . Similar to what was reported earlier (5), a clear salt-dependence was noted with both forms of endonuclease V in this assay with the AP lyase activity substantially stimulated with decreasing concentrations of NaCl (Fig. 6B) . At 10, 50 and 100 mM the W128S mutant was less active than wild-type at the concentration of abasic oligonucleo- tide used (0.24 U.M), an effect which showed a maximum of 2-fold at 10 mM. This value is considerably lower than the 10-to 20-fold difference observed using the UV-irradiated poly(dA)-poly(dT) substrate at 10 mM NaCl concentration.
Decreased levels of host-cell reactivation in human XP-A cells after transfection with W128S expression plasmid
We have previously shown that endonuclease V is able to rescue a portion of the UV repair levels in human XP-A cells when measured by a host-cell reactivation assay (27) . In order to investigate the effect of the W128S mutation on its ability to rescue repair proficiency to XP-A cells, we co-transfected XP12Ro(Ml) cells with either pRSVdenV(-), pRSVdenV(+) or pRSVdenV(W128S) and BC12/CMV/SEAP irradiated with 0, 150,300 or 450 J/m 2 of UV. As control for U V repair-competent cells we used XP12Ro(Ml) cells stably transfected with pCMV-XPA59_273- Figure 7 shows the result of this experiment. Co-transfection of UV-irradiated BCi2/CMV/SEAP with pRSVdenV(+) resulted in HCR levels which fell between the levels obtained with the cells stably transfected with pCMV-XPA59_273 and those transfected with the negative control plasmid pRSVdenV(-), which has the denV gene in an antisense orientation to the RSV promoter and therefore does not express endonuclease V. The pRSVdenV(W128S) plasmid, on the other hand, produced HCR levels which were intermediate between pRSVdenV(+) and pRSVdenV(-)-transfected cells. This result demonstrates that the W128S mutation renders endonuclease V less active in human cells, a finding which supports the result obtained with purified endonuclease V in vitro. All combined, both the in vivo and in vitro data are consistent with that the W128S endonuclease V is less active than the wild-type protein.
CONCLUSION
Two previous reports have studied the effects of replacing tryptophan-128 of T4 endonuclease V with a serine residue (8, 24) . The conclusion from one study (8) and those of several others investigating various T4 amdenV mutants (19) and partially purified mutant endonuclease V from T4-infected bacteria (3, 5) are in agreement with our results. One recent study concluded, however, that six different tryptophan-128 mutations, including the W128S, did not have any effect on endonuclease V activity or UV survival levels (24) . One possible explanation for these discrepancies may be the conditions for assaying endonuclease V activity. Lantham et al. (24) used salt concentrations of 100 mM which favors a distributive action of the enzyme (36, 37) and which suppresses the AP lyase activity (5) . At low salt concentrations (10 mM), which was used in our study and in several previous studies (3, 5) , the AP lyase is stimulated. It is not clear from the results published by Lantham et al. (24) if there was a quantitative difference between the wild-type and W128S activities and the UV survival of bacteria producing these proteins.
Other possibilities for these discrepancies may involve different bacterial expression systems and/or genetic backgrounds used in these studies. For example, a APL system at 30 °C without any induction was used in one study to produce endonuclease V (24), while another used the strong trp promoter (8) . Apparently, the former cell system produced soluble endonuclease V whereas the latter did not and required solubilization from inclusion bodies. Our overexpressor strain produces considerable amounts of soluble endonuclease V at 37° C after induction with IPTG. The strain of bacteria may also be important. While our study and that of Lantham etal. (24) used the strain AB2480 {uvrA, recA), Ishida et al. (8) used the strain AB1886 (uvrA). It is conceivable that a uvrA, recA background facilitates the detection of the W128S mutation in vivo since the recA phenotype is partially rescued by endonuclease V (13).
Our study demonstrates that the W128S mutation does not eliminate the AP lyase activity completely, even though the ratio of AP lyase to N-glycosylase decreases from 1:5 to 1:7 for wild-type endonuclease V to 1:50 for the W128S mutant using the irradiated poly(dA)-poly(dT) substrate. On the other hand, using the abasic oligonucleotide as substrate for the AP lyase independently from the N-glycosylase, a smaller difference in activity was noted. However, because a much lower concentration of this substrate was used than in the poly(dA)-poly(dT) assay, we cannot rule out that this difference is due to a K m effect. It is possible that the W128S mutation affects both the N-glycosylase and AP lyase by a mechanism which does not involve catalytic function but some other common denominator for efficient damage incision, such as CBPD binding (22) or DNA processivity (36, 37) . Apparently, the W128S mutation is more pronounced at 10 mM than at 100 mM salt concentration. One interpretation of these results is that tryptophan-128 is involved in DNA processivity which is somehow functionally coupled to the nicking activity of the AP lyase activity since both these processes are more evident at lower salt concentrations (36, 37 ). An oligonucleotide with a single abasic site may not clearly distinguish the defect of W128S if this mutation involves DNA processivity. Our results may therefore reconcile some of the apparent differences involving the W128S mutant (3, 5, 8, 24) , i.e., the result may be very dependent on what type of assay is being used for determining AP lyase activity.
The small decrease in UV survival of bacteria when the wild-type expression plasmid is replaced by the W128S plasmid demonstrates that this mutation results in a marginal effect in vivo. In fact, our results show that the W128S N-glycosylase is ~5-fold less active than wild-type, which may still be sufficient for saturated CBPD repair in vivo. We determined in a previous study that uninduced ptac-denV/AB2480(F7acI°-1 ) cells produced 5-fold as much endonuclease V as pdenV-7/AB2480 cells (35), which show a similar level of UV resistance as the former (13). It is therefore very possible that the reason for the small effect of the W128S mutation on UV survival is because saturating levels of endonuclease V are produced without the induction of the tac promoter even if the N-glycosylase is 5-fold less active. The N-glycosylase, not AP lyase, is likely to be the rate-limiting step in CBPD incision (11) . In support of this finding, uvrA, recA cells carrying the denV mammalian expression plasmids, pRSVdenV(+) and pRSVdenV(W128S), conferred similar UV resistance as did ptac-denV and ptac-denV(W128S) cells while producing -7-fold less endonuclease V (the RSV promoter is a weak promoter in bacteria), demonstrating that these lower levels of endonuclease V are still sufficient to confer UV resistance (data not shown). Further work is needed to clarify this issue.
Transient transfection experiments in XP-A cells with a UV-damaged reporter gene demonstrated that the W128S mutation renders endonuclease V less active in human cells in vivo which supports the results in vitro with purified endonuclease V and strengthens the marginal results obtained employing in vivo bacterial systems. This strategy may be generally applicable to determine the biological effect of mutating prokaryotic DNA repair genes, for example those belonging to the AP endonuclease family, which may extensively share substrate specificity with other essential bacterial endonucleases. Furthermore, purified W128S endonuclease V may be useful as an enzymatic probe for studying UV-repair mechanisms in mammalian cells (38) .
In summary, we have shown that W128S T4 endonuclease V produced in soluble form from bacteria has a 5-fold decrease in N-glycosylase activity and an even more pronounced effect on the AP lyase activity with a UV-irradiated poly(dA)-poly(dT) substrate. However, a much smaller effect was observed using a site-specific abasic oligonucleotide for assaying AP lyase activity, which may indicate that the W128S mutation involves a function, which is highly dependent on substrate for detection. It is possible that in bacteria more than saturating levels of W128S could possibly compensate for a defect in the rate-limiting N-glycosylase activity. However, in human cells where endonuclease V is likely to be made at less than saturating levels, a more pronounced difference in repair levels between the wild-type and W128S forms are evident. We conclude that the W128S mutation results in a substantial decrease in endonuclease V activity both in vitro and in vivo.
